INTRODUCTION {#S0001}
============

Obesity has emerged as an important public health problem worldwide. It is well recognized that obesity is the major risk factor for certain diseases. Obesity can develop adipose tissue stores in the body. The quantity of body fat could be a significant source of hundreds of biologically active molecules, the "adipokines", including more than 50 cytokines, chemokines, hormone-like factors and other mediators \[leptin, adiponectin, visfatin, apelin, vaspin, hepcidine, chemerin, omentin including tumor necrosis factor alpha (TNF), monocyte chemoattractant protein-1 (MCP-1), and plasminogen activator protein (PAI).^[@CIT0001]^ Adipose tissue is one of the largest tissues in the human body and total amount deposited will have a detrimental impact on regular body functions.^[@CIT0002]^ Current review describes the adipokines leptin and adiponectin molecular actions and clinical significance in breast cancer. The two types of adipose tissue, white adipose tissue (WAT) and brown adipose tissue (BAT) present in mammals have a different cellular composition and localization.^[@CIT0003]^ WAT is the major component is involved in the control of metabolism through energy homeostasis, adipocyte differentiation, insulin sensitivity and the activation of anti-inflammatory metabolic and immune pathways.^[@CIT0001],\ [@CIT0004]^ Adiponectin and leptin adipokines are WAT derived proteins.

Adiponectin (ADIPOQ) {#S20002}
--------------------

Adiponectin is a 244 amino acid protein synthesised by adipocytes, most abundant gene transcript (ApM1) found on chromosome 3 locus 3q27 in adipose tissue.^[@CIT0005]^ It consists of three exons and two introns which share similarity with leptin encoding gene.^[@CIT0006]^ Insulin-like growth factor-1 (IGF-1), peroxisome proliferator activated receptors (PPAR) are not only the triggers behind adiponectin gene expression in adipose tissue but are also involved in the regulation of adiponectin synthesis.^[@CIT0007],\ [@CIT0008]^ Some studies have shown that bone, mammary glands, salivary glands and cardiac tissue may express adiponectin in limited quantities.^[@CIT0009]--[@CIT0012]^ Adiponectin is a single monomer composed of four structurally distinct domains. It contains amino terminal sequence, a variable region, a collagen-like domain and an amino terminal globular domain.^[@CIT0013]^ Adiponectin and globular fragments are structurally similar to complement C1q protein and TNF-α.^[@CIT0007],\ [@CIT0014]^ studies in mice and humans have discovered that circulating adiponectin is a disulfide-linked oligomer composed of trimers, hexamers and a high molecular mass multimers (HMW), containing up to 18 monomers and also globular form of protein.^[@CIT0015],\ [@CIT0016]^ Some biochemical analyses and in vivo studies have led to a conclusion that adiponectin complexes do not interconvert after secretion and in circulating plasma it exists as full-length multimeric forms.^[@CIT0017]^

Adiponectin Receptors {#S20003}
---------------------

Adiponectin biological actions facilitate through two distinct receptors called AdipoR1 and AdipoR2. AdipoR2 expression is mostly restricted to the liver^[@CIT0018]^ whereas AdipoR1 (mRNA) was detected in human platelets. The expression of these receptors (AdipoR1 and AdipoR2) have been identified in monocytes, and megakaryocyte cell lines.^[@CIT0019],\ [@CIT0020]^ Both AdipoR1 and AdipoR2 are seven-transmembrane domains that are structurally functionally and topologically similar to heptahelical G protein-coupled receptors (GPCRs).^[@CIT0018]^ Adiponectin receptors N-terminus is found to be cytoplasmic and the C terminus is extra cellular an orientation opposite to GPCRs. Once activated AdipoR1 and AdipoR2 can form both homo and heterodimeric complexes, although the biological significance of dimerization is unknown.^[@CIT0018],\ [@CIT0021]^ In 2004, the glycosyl phosphatidylinositol-anchored extra cellular protein, T-cadherin a third receptor was identified as a binding protein for the hexameric and high molecular weight forms of adiponectin although T-cadherin lacks known biological function.^[@CIT0022]^ These adiponectin receptors existence can be explained by different isoforms of adiponectin which require different receptor conformations to ensure a high binding affinity and by the wide biological actions of adiponectin in different tissues.

Adiponectin Molecular Action {#S20004}
----------------------------

Adiponectin is considered a starvation hormone under fasting conditions, high adiponectin levels stimulate central and peripheral AMPK leading to increased food intake and decreased energy expenditure, promoting fat storage.^[@CIT0023]^ The molecular pathways downstream of AdipoR remain to be fully elucidated. Studies have shown that activation of the pleiotropic AMPK is part of the signaling cascade downstream of adiponectin receptor. AMPK is an evolutionarily conserved serine/ threonine kinase with a catalytic α-subunit and regulatory β- and γ-subunits, forming a heterotrimeric complex.^[@CIT0024]^ Activated AMPK stimulates catabolic processes that produce ATP and switches off ATP consuming processes, thus restoring the AMP: ATP ratio. It also phosphorylates and inhibits ACC1 and HMG-CoA, decreases fatty acid synthase (FAS) expression and activates malonyl-CoA carboxylase, glycerol phosphate acyltransferase (GPAT) thereby leading to a decrease in fatty acid and cholesterol synthesis^[@CIT0025]--[@CIT0027]^ which are key regulators of protein, fatty acid and glycerolipid synthesis, respectively. These enzymes have been associated with breast cancer.^[@CIT0028]^ The enzyme downstream of AMPK plays a key role in regulating lipid metabolism. The regulation of TSC2 and mTOR by AMPK might have special implications because the PI3K-Akt signaling pathway is constitutively active in many cancers. The activation of this pathway is most notable in cancers that have over expression of an activated member of the epidermal growth factor (EGF) receptor family (e.g. Her2/neu in breast cancer).^[@CIT0029]^ EGF stimulates the mTOR pathway by activating PI3-kinase and in turn Akt and the subsequent phosphorylation of TSC2 by Akt, leading to the inhibition of TSC2.^[@CIT0030],\ [@CIT0031]^ In the absence of growth-promoting stimuli, TSC2 binds to TSC1 to form a tumor suppressor complex, which has growth-inhibitory activity via suppression of Mtor.^[@CIT0032]^ Activation of AMPK by adiponectin also activates endothelial NO synthase (eNOS) and increases nitric oxide (NO) production. eNOS activation is also dependent on signaling through Akt kinase (Akt).^[@CIT0033],\ [@CIT0034]^ These signaling pathways are constitutively active in breast cancer ([Fig. 1](#F0001){ref-type="fig"}).

![Multiple potential signaling pathways for adiponectin. Modified from I Kelesidis et al 2006 ^[@CIT0034]^](IJHOSCR-8-031-g001){#F0001}

Adiponectin and Breast Cancer- Clinical significance {#S20005}
----------------------------------------------------

Obesity is a risk factor for breast cancer, as obesity has been associated with the development of breast cancer, adipocytokines, a group of polypeptide growth factors and cytokines which are produced exclusively by adipose tissue, may underlie the association between obesity and breast cancer risk. Adiponectin is a protein hormone secreted exclusively by adipocytes,^[@CIT0035]^ and circulating adiponectin levels are inversely associated with the risk of obesity-related malignancies, including breast cancer^[@CIT0036]--[@CIT0038]^ which implies that low blood concentrations of adiponectin are associated with high incidence and poor prognosis of breast cancer. Obesity and estrogens have long been implicated in the pathogenesis of breast cancer.^[@CIT0039],\ [@CIT0040]^ Adipose tissue serves as the site of peripheral aromatization of adrenal androgens to estrogens, which induce mitogenic activity in mammary tissue by binding to estrogen receptors.

The mechanism through which adiponectin modulate breast cancer risk is currently unknown. It has been noted that adiponectin stimulates the sensitivity of peripheral tissue to insulin, and decreased levels of adiponectin are associated with increased serum insulin levels, which accompany insulin resistance.^[@CIT0041]^ Insulin has been shown to stimulate the proliferation of breast cancer cells by binding and signaling through the insulin and insulin-like growth factor I (IGF-I) receptors.^[@CIT0042]^ In addition, insulin may synergize with the mitogenic effects of estrogen^[@CIT0043]^ and may also upregulate the expression of vascular endothelial growth factor (VEGF), a potent angiogenic agent that is secreted by breast cancer cells.^[@CIT0044]^ Moreover, adiponectin has been inversely associated with estrogen levels.^[@CIT0045]^ It remains possible that adiponectin may influence breast cancer risk by altering circulating estrogen levels. It is thus reasonable to hypothesize that the reduced adiponectin levels increase the risk of postmenopausal breast cancer and ER-positive breast tumors through a mitogenic effect of hyper insulinemia and increased IGFs and estrogen levels as well as by upregulating VEGF. Furthermore, it has been shown that adiponectin potently inhibits endothelial cell proliferation and migration, and induces a cascade of activation of caspases-8, -9, and -3, which leads to cell death.^[@CIT0046]^ Additionally, it has been found that treatment with adiponectin is able to modulate apoptosis of human breast cancer cells in vitro and may be involved in cell signaling pathways associated with carcinogenesis.^[@CIT0047],\ [@CIT0034]^ Several studies have demonstrated that low serum adiponectin levels are associated with increased risk for breast cancer,^[@CIT0048]^ data for which is summarised in [Table 1](#T0001){ref-type="table"}.

###### 

Adiponectin Levels and Breast Cancer Studies and their Implications

                                        Author & Year                                                                                                                                                                                             Significant
  ------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------
  **Adiponectin and breast cancer**     Gulcelik MA et al 2012^[@CIT0049]^                                                                                                                                                                        low serum adiponectin level may be associated with both breast and colon cancer
  Sonmez B et al 2011^[@CIT0050]^       serumadiponectin levels were inversely correlated with tumor tissue adiponectin levels. Adiponectin levels in breast tumor tissue increase while serum adiponectin levels decrease                        
  M. Seker, F et al 2009 ^[@CIT0051]^   The low serum adiponectin and high normal and tumor tissue adiponectin levels detected in breast cancer patients and serum adiponectin levels inversely associated with tumor tissue adiponectin levels   
  Virginia G et al 2008^[@CIT0052]^     The adiponectin axis may emerge as an important modifier of breast cancer risk                                                                                                                            
  Karaduman M et al 2007^[@CIT0053]^    high tissue adiponectin levels significantly detected in breast cancer patients and associated with an increased risk for breast cancer                                                                   
  Shelley S et al 2007 ^[@CIT0054]^     adiponectin may be inversely associated with postmenopausal breast cancer risk, particularly in a low-estrogen environment                                                                                
  Kang JH et al 2007 ^[@CIT0055]^       low serum adiponectin levels associated with increased breast cancer risk in Korean women                                                                                                                 
  Hou WK et al 2007 ^[@CIT0056]^        Decreased serum adiponectin levels are risk factors of breast cancer                                                                                                                                      
  Mantzoros C et al 2004 ^[@CIT0037]^   significant association between adiponectin and breast cancer was found among premenopausal women                                                                                                         
  Miyoshi Y et al 2003 ^[@CIT0036]^     low serum adiponectin levels are significantly associated with an increased risk for breast cancer                                                                                                        

Leptin {#S20006}
------

Leptin, a product of the obgene discovered in 1994, is a 16 kDa molecular mass of single-chain proteohormone which is localized on the 7 alpha chromosome and consists of three exons separated by two introns.^[@CIT0057],\ [@CIT0058]^ Structurally-similar to members of the long-chain helical cytokine family, including IL-6 (interleukin-6), IL-1159. The 167-amino-acid leptin molecule three-dimensional structure is based on four antiparallel a-helices, connected by two long crossover links and one short loop arranged in a left-handed helical bundle, which forms a two-layer packing.^[@CIT0060]^ Leptin is expressed in a variety of tissues counting the placenta, ovaries, mammary epithelium, bone marrow and lymphoid tissues.^[@CIT0061],\ [@CIT0062]^ It acts through specific receptors in the hypothalamus to modulate appetite and thermogenesis, Increased levels suppress appetite and increase thermogenesis.

Leptin receptor {#S20007}
---------------

Leptin receptors (ObRs) are located throughout the central nervous system and several peripheral tissues.^[@CIT0063]^ Six isoforms have been identified in leptin receptor (ObRa, ObRb, ObRc, ObRd, ObRe, and ObRf) all of which are products of a single leprgene.^[@CIT0064]^ These isoforms vary by length and sequences due to alternative mRNA splicing, ObRs have homologous extracellular domains but distinct intracellular domains.^[@CIT0065]^ ObRa and ObRc are the short isoforms which play an important role in transporting leptin across the blood--brain barrier (BBB).^[@CIT0066]^ ObRb longleptin receptor isoform is responsible for leptin signaling. ObRb expressed in several organs is strongly expressed throughout the central nervous system particularly in the hypothalamus.^[@CIT0067]^ Here, leptin acts on neurons that regulate levels of circulating hormones (e.g., thyroid hormone, sex steroids, growth hormone).^[@CIT0068]^ It may also directly control some metabolic tissues and regulates glycemia at least partly via the central nervous system.^[@CIT0069]^

Leptin Molecular Action {#S20008}
-----------------------

OB-Rs belong to the class I cytokine receptor family, which is known to act through JAKs (Janus kinases) and STATs (signal transducers and activators of transcription). Subsequent studies showed that OB-Rb, the full-length isoform only contains intra cellular motifs required for activation of the JAK/STAT signal transduction pathways.^[@CIT0070]^ In postmenopausal obese women, adipose tissue is the only source of estrogen production by aromatization of C19 steroid androstenedione. Increased estrogen stimulation in postmenopausal obese women might be the cause of higher breast cancer risk.^[@CIT0071]^ Leptin amplifies estrogen signaling in epithelial breast cancer cells which promote cell proliferation in two ways, increased STAT3 and MAPK activation of the AP1 binding site within its promoter increases the expression of CYP19A1 which in turn local estradiol production and directly activates ERα. In another way leptin down regulates STKII expression leading to a decrease in AMPK phosphorylation and increased translocation of CRTC2 to the nucleus binding of CREB and increased CYP19A1expression.^[@CIT0072]^ This CYP19A1 stimulates estradiol production by increasing the conversation of aromatizable androgens ([Fig. 2](#F0002){ref-type="fig"}).

![Potential signaling pathways for Leptin](IJHOSCR-8-031-g002){#F0002}

Leptin and Breast Cancer Clinical significance {#S20009}
----------------------------------------------

Leptin is a cytokine-like hormone that controls adipocyte mass and energy balance by binding to Leptin receptor (OB-R). Both leptin and OB-R are present in human breast tissue and are found to be over expressed in breast tumors.^[@CIT0073]^ Both have been implicated in breast carcinogenesis through cell proliferation or tumor progression.^[@CIT0074],\ [@CIT0075]^ In postmenopausal obese women adipose tissue is the only place of estrogen production by aromatization of C19 steroid androstendione. As there is increased aromatase activity and androstendione production in obesity, the total pool of estrogens is higher in obese women and estrogen production promoted by leptin.^[@CIT0076]^ The effect of leptin on breast carcinogenesis is probably mediated by the stimulation of the aromatase activity, proteolytic cleavage of intercellular matrix promoting the cancer cell invasion and angiogenic activity.^[@CIT0076],\ [@CIT0077]^ Number of studies indicates that women with breast cancer have higher leptin plasma levels and mRNA expression in adipose tissue as compared to healthy subjects, and the blood levels of estradiol increase parallel to those of leptin^[@CIT0078]^ and serum leptin levels significantly correlate with total body aromatase activity in postmenopausal breast cancer patients.^[@CIT0079]^ Few Leptin and Breast Cancer Clinical significance data is summarized in [Table 2](#T0002){ref-type="table"}.

###### 

Leptin and Breast Cancer Studies and their Implications

                                             Author & Year                                                                                                                         Significant
  ------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------
  **Leptin and Breast cancer**               Harris HR et al 2011^[@CIT0080]^                                                                                                      Leptin may be inversely associated with breast cancer risk
  Rahmati-Yamchi M et al 2011 ^[@CIT0081]^   Obesity could be responsible for increased incidences in breast cancer as well as its progression via enhanced production of leptin   
  Karaduman M et al 2010 ^[@CIT0082]^        Leptin levels were significantly higher in breast cancer tissue compared with normal tissue                                           
  Wu MH et al 2009 ^[@CIT0083]^              Leptin may have an independent role in breast tumorigenesis                                                                           
  Han CZ et al 2008 ^[@CIT0084]^             Elevated leptin should play a major role in the development of breast cancer.                                                         
  Chen DC et al 2006 ^[@CIT0078]^            High serum leptin levels are associated with an increased risk for breast cancer                                                      
  Snoussi K et al 2006 ^[@CIT0085]^          LEP and LEPR genes are associated with increased breast cancer risk as well as disease progress                                       
  Stattin P et al 2004^[@CIT0086]^           Plasma leptin is a risk factor for breast cancer                                                                                      
  Tessitore L et al 2000 ^[@CIT0087]^        leptin as a clinical marker                                                                                                           

CONCLUSION {#S0010}
==========

The data recapitulated in this review reveal a major role of leptin and adiponectin in breast cancer progression based on their molecular actions. Adiponectin and leptin antagonism has been well documented in obesity but not in human breast cancer. Leptin enhances breast cancer cell proliferation by inhibiting pro-apoptosis signaling pathways and by favoring in vitro sensitivity to estrogens although there are increasing evidences of association between metabolic syndrome and triple-negative (ER-negative/PR-negative/HER2-negative) breast cancers. The role of leptin on ER-negative breast cancers is still poorly understood and remains to be elucidated. Adiponectin displays in vitro anti-proliferative, pro-apoptotic and anti estrogen properties. Also, adiponectin is involved in tumor size reduction in animals and low plasma levels of adiponectin are associated with higher risk of breast cancer progression in women.^[@CIT0088]^ Emerging data suggest that the ratio of these adipokines may be more important in breast cancer than their absolute concentrations. Increasing evidence of the advanced molecular studies reveal that targeting the adiponectin and leptin might be a new prognostic and/ or therapeutic strategy for postmenopausal breast cancer.^[@CIT0089],\ [@CIT0090]^

Thus, the understanding of molecular mechanisms of both leptin and adiponectin and their interplay in breast cancer offer the prospects for new therapeutic approaches targeting similar signaling pathways.
